1. Introduction
===============

Subacute combined degeneration (SCD) is a demyelinating disease which is attributed to metabolic disturbances. Various manifestations such as gait or sensory disturbances, mental impairment and pyramidal tract damage may appear to different extents in patients with SCD.^\[[@R1]\]^ It is believed to be linked with vitamin B~12~ deficiency, and low vitamin B~12~ concentration has been attached great importance in the diagnosis of SCD. Serum vitamin B~12~ is most commonly detected, and a declined value of serum vitamin B~12~ is strongly indicative of having SCD in clinically suspected patients. Recently there are literatures reporting SCD patients with normal or elevated serum vitamin B~12~.^\[[@R2],[@R3]\]^ However, it is unclear what proportion they account for and what features they have. We therefore performed a systematic review to determine the prevalence of SCD patients with normal or elevated level of serum vitamin B~12~, and to assess characteristics associated with those patients.

2. Methods
==========

This systematic review was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The study was approved by the Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China. We aimed at identifying all published studies in which patients with SCD were confirmed with normal or elevated serum vitamin B~12~ level.

3. Search strategy
==================

We systematically searched PubMed, EMBASE, and Cochrane library without language restrictions up to June 2019, using the following search terms: "subacute combined degeneration" or "sub-acute combined degeneration." Relevant or any additional published studies were obtained by manually searching related reviews and the reference lists of original articles. All studies were reviewed in accordance with the following criteria:

1.  patients diagnosed with SCD;

2.  series of more than 5 patients;

3.  studies included patients with diagnosis of SCD with normal or elevated serum vitamin B~12~ level.

By definition, SCD patients with normal or elevated serum vitamin B~12~ level must had evidence of vitamin B~12~ deficiency or clinical improvement after regular vitamin B~12~ treatment. Studies of less than 5 patients, without diagnosis of SCD with normal or elevated serum vitamin B~12~ level or without extractable data were excluded. Two reviewers independently scanned records to exclude irrelevant studies and identify studies that met the eligibility criteria. Any questions or discrepancies were resolved through iteration and consensus.

4. Data extraction
==================

We abstracted demographic and clinical data from each study. Demographic characteristics included study design (retrospective or prospective), number of patients with SCD, mean age, and sex distribution. The clinical data collected included the history of gastrointestinal disease, vegetarian and anemia, criteria for low serum vitamin B~12~ level, the number of patients with normal or elevated serum vitamin B~12~ level, level of red blood cell, hemoglobin, erythrocyte mean corpuscular volume (MCV), folic acid, spinal MRI, and functional disability rating scale score on admission.

5. Statistical analysis
=======================

Data were analyzed using Review Manager (version 5.3, the Nordic Cochrane Centre, the Cochrane Collaboration, 2014). We used the random effects model to estimate a pooled prevalence with 95% confidence intervals (CI), and calculated the weights using the inverse variance method for random effects. Differences in clinical data on admission between SCD with low and no-low serum vitamin B~12~ level were expressed as mean difference (MD) and 95% CI. Meta-analysis was performed for the level of hemoglobin and MCV, as well as functional disability rating scales on admission. We assessed heterogeneity using the I^2^ statistic. When I^2^\>50%, the random effects model was used. Otherwise, the fixed effects model was used. Only 2 studies were included in each meta-analysis, we therefore did not assess reporting bias.

6. Results
==========

6.1. Literature search
----------------------

Our literature search yielded 1303 articles in total, of which 538 were identified via PubMed, 758 from EMBASE, and 7 from Cochrane searches, respectively. A total of 891 articles were excluded after screening of articles by abstract and title review. Finally, of the 37 full-text articles that were reviewed, 6 studies were included (Table [1](#T1){ref-type="table"}). Five studies were retrospective and 1 study was prospective. In total, 181 patients were included in this systematic review and meta-analysis, and study size ranged from 9 to 68 patients. Characteristics of each study are given as below (Table [2](#T2){ref-type="table"}).
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PRISMA flow diagram of study search and selection for the systematic review and meta-analysis.
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###### 

Characteristics of individual studies included in the systematic review and meta-analysis.
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6.2. Prevalence of SCD with normal or elevated serum vitamin B~12~ level
------------------------------------------------------------------------

These 6 studies included 57 SCD patients with normal or elevated serum vitamin B~12~ level. The meta-analytic synthesis of these 6 studies yielded a pooled prevalence of 31.0% (95% CI: 22.5--40.8) (supplementary Table).

6.3. Comparison in SCD patients with low and no-low serum vitamin B~12~ level
-----------------------------------------------------------------------------

Two of 6 studies reported levels of hemoglobin on admission both in SCD patients with low and no-low serum vitamin B~12~ level. The meta-analysis of these 2 studies showed that there was no significant difference in the level of hemoglobin between these patients (MD: --3.05, 95% CI: --12.42 to 6.33, I^2^ = 0%, *P* = .52; Fig. [1](#F1){ref-type="fig"}A). Meanwhile, there was no statistically significant difference in the level of MCV between the 2 groups (MD: --2.37, 95% CI: --11.17 to 6.43, I^2^ = 0%, *P* = .60; Fig. [1](#F1){ref-type="fig"}B).

![Forest plots comparing between SCD patients with low and no-low serum vitamin B~12~ level for (A) the level of hemoglobin, (B) the level of MCV, and (C) the functional disability rating scale on admission. No statistically significant difference in the level of hemoglobin, MCV, or the functional disability rating scale on admission was found between SCD patients with low and no-low serum vitamin B~12~ level. CI = confidence interval, MCV = mean corpuscular volume, SCD = subacute combined degeneration.](medi-99-e19700-g003){#F1}

A meta-analysis for functional disability rating scale on admission was performed between 56 patients with low serum vitamin B~12~ level and 35 patients with normal or elevated serum vitamin B~12~ level in 2 studies. The MD value for normal or elevated vitamin B~12~ level relative to low vitamin B~12~ level was 0.29 (95% CI: --0.58 to 1.16, I^2^ = 0%, *P* = .51) (Fig. [1](#F1){ref-type="fig"}C). Thus, patients with low serum vitamin B~12~ level presented no more serious clinical manifestation than patients did with normal or elevated serum vitamin B~12~ level.

7. Discussion
=============

As far as we know, this is the first systematic review and meta-analysis for the correlation between serum vitamin B~12~ and SCD to date. We found that as many as one third of SCD patients have normal or elevated serum vitamin B~12~. No differences were found in clinical severity between patients with normal or elevated levels of serum vitamin B~12~ and those with decreased levels of serum vitamin B~12~ on admission. These findings suggest the diagnosis of SCD should remain based on clinical manifestations and could not exclude patients only because of normal or elevated levels of serum vitamin B~12~.

Vitamin B~12~, also known as cobalamin, is a vital necessity for metabolism in human bodies. It promotes maturation of red blood cells, synthesis of DNA, and is also necessary for both fatty acid and amino acid metabolism.^\[[@R9]\]^ The concentration of serum vitamin B~12~ has been regarded as a most straightforward indicator to vitamin B~12~ level.^\[[@R10]\]^ Generally, a decreased serum vitamin B~12~ level has been regarded as vitamin B~12~ deficiency and help diagnose patients as having SCD. Nonetheless, it gradually seems that serum vitamin B~12~ cannot precisely reflect vitamin B~12~ deficiency.^\[[@R11],[@R12]\]^ An early study reported that there are 5% to 10% of patients with recognized clinically significant cobalamin deficiency in whom serum cobalamin was normal or elevated.^\[[@R13]\]^ Another study also found even 45% of vitamin B~12~ deficient subjects being neglected when serum vitamin B~12~ is taken as the only screening test.^\[[@R14]\]^ There are several reasons for falsely normal serum vitamin B~12~ levels, including myeloproliferative disorders, liver disease, congenital transcobalamin II deficiency, intestinal bacterial overgrowth, and nitrous oxide exposure.^\[[@R10]\]^ Also, serum vitamin B~12~ is not good for detection of short-term deficiency. It is to note that the concentration of serum vitamin B~12~ decreases relatively late in depletion. It may even remain in the normal range for years in patients who stops administrating vitamin B~12~, although the decrease of tissue storage precedes alteration of concentration of serum cobalamin.^\[[@R11]\]^ We assume that a normal or elevated level of serum vitamin B~12~ cannot rule out the "genuine" loss of vitamin B~12~ in tissues. On the other hand, a decreased serum vitamin B~12~ level seems not to be a guarantee for the lack of vitamin B~12~ in body. In fact, conditions including folate deficiency, pregnancy, use of oral contraceptives, congenital deficiency of serum haptocorrins, and multiple myeloma will cause a false low serum vitamin B~12~.^\[[@R10]\]^ Of 238 SCD patients included in our study, 57 SCD patients are detected as having normal or elevated serum vitamin B~12~, taking up as many as an overall proportion of 31%. Hence, we believe that the declined serum vitamin B~12~ is not a compulsory element for a diagnosis of SCD. A SCD patient with normal serum vitamin B~12~ level may still lack vitamin B~12~ in the body, which is also known as "functional" vitamin B~12~ deficiency.^\[[@R15]\]^

Surrogate markers have been considered to evaluate vitamin B~12~ deficiency.^\[[@R16]\]^ Although serum methylmalonic acid (MMA) and homocysteine are possible sensitive indicators to assess vitamin B~12~ deficiency,^\[[@R3],[@R11]\]^ the specificity of these tests are rather low.^\[[@R17]\]^ In addition, both of them can be influenced by various factors such as age, renal dysfunction, and metabolic pathways. It is worth noting that MMA remains more expensive than serum vitamin B~12~ test.^\[[@R16]\]^ Holotranscobalamin (Holo TC), known as transcobalamin-bound B~12~, transports active cobalamin. It is considered to be a convenient approach that measures the active portion of vitamin B~12~.^\[[@R14]\]^ It becomes decreased before the development of the metabolic dysfunction, and applies to predict short-term as well as long-term status of cobalamin deficiency.^\[[@R11]\]^ Studies manifested that the sensitivity of this assay is good but the specificity remains to be determined when evaluating functional vitamin B~12~ deficiency.^\[[@R17]\]^ And it seems not to be a promising marker in predicting vitamin B~12~ status in renal patients.^\[[@R14]\]^ In summary, to diagnose the minority whose serum cobalamin is falsely normal, serum MMA, homocysteine or Holo TC seems to play a complementary role, but changing the serum cobalamin to another one (e.g., MMA) as a fundamental marker of SCD is unlikely to occur in clinical practice. Whatever the situation, serum vitamin B~12~, which is the most widely available, should be regarded as a basic parameter for initial evaluation once vitamin B~12~ deficiency is in consideration.

Besides, in our study, no differences were found in clinical severity between patients with normal or elevated levels and those with decreased levels of serum vitamin B~12~ on admission according to meta-analysis. This is likely an illumination that the serum vitamin B~12~ level decrease and vitamin B~12~ deficiency are not the same concept. Thus, the declined serum vitamin B~12~ level cannot represent clinical severity.

Our study has limitations. First, due to lack of research in this rare disease, the quality of the included studies is limited. Secondly, because of the possibility that SCD with normal range of serum vitamin B~12~ would be possibly omitted by physicians especially when patients have only mild syndromes, the real proportion in patients with normal or elevated vitamin B~12~ tends to have been underestimated. Thirdly, studies included do not provide MMA, homocysteine or Holo TC assays, which could have certified "genuine" vitamin B~12~ deficiency if they are. Finally, we do not assess reporting bias as only 2 articles were included in each analysis.

In conclusion, our findings suggest the decreased level of serum vitamin B~12~ is not a necessity for the diagnosis of SCD. Clinicians should recognize the limitation of serum vitamin B~12~ for SCD diagnosis.
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